A rapid, sensitive, and accurate ultra-performance liquid chromatography coupled with mass spectrometric method (UPLC-MS) was developed and validated for simultaneous determination of four bioactive compounds, syringin (3), cordifolioside A (4), magnoflorine (6) and tinocordiside (10) in the stem of Tinospora cordifolia. The analysis was performed using an Acquity C 18 column and gradient elution of 0.05% formic acid in water and acetonitrile at a detection wavelength of 267 nm in 5 min. A high correlation coefficient (r 2 >0.998) indicated good correlation between investigated compounds concentration and their peak area within the test ranges. The LODs for compounds 3, 4, 6 and 10 were 1.95, 0.97, 3.90 and 0.97 ng/mL, respectively, and LOQs were 6.64, 3.20, 12.87 and 3.20 ng/mL, respectively. The overall intra-and inter-day variations of the four compounds were less than 1%. The variation of these four bioactive compounds in T. cordifolia hosted on fifteen different trees was also determined. The compounds (3, 4, 6 and 10) were found in high amount in the T. cordifolia hosted on Azadirachta indica and Mangifera indica as compared with other plants. Twelve compounds were identified on the basis of their mass and UV-vis spectra. The NMR fingerprinting of the extract revealed the presence of alkaloids, fatty acid methyl esters, polysaccharides and marker components of T. cordifolia.
potential of the plants. The Indian traditional medical practitioners assumed that the different formulations prepared from T. cordifolia hosted by "neem tree" (Azadirachta indica) have more effective medicinal value than the others [14] . In this regard, Bhalerao et al., [15] have conducted a study on immunomodulatory and radical scavenging potential of T. cordifolia hosted by four different trees. It was found that T. cordifolia growing on A. indica showed the highest anti-oxidant and immunomodulatory activities in comparison with other host trees. In addition, they have also conducted a study of chemical profiling using HPLC without any reference compound. This area needs a lot of attention from the phytochemists. The NMR fingerprinting of plant extracts provide an attractive and reliable tool for the qualitative and quantitative analysis of secondary metabolites. NMR fingerprinting analysis is a fast and effective tool; provides a non-selective response, and information about the variability of metabolite content [16] . Based on the importance and wide applicability of the plant in herbal drugs, in continuation of our work on the isolation and quality analysis of T. cordifolia [17] , we report here a rapid UPLC-MS method for the quantification of four bioactive compounds in T. cordifolia. These four compounds (3, 4, 6 and 10) were found to be active as immunomodulatory agents, as described in our previous study [17d] . Further, the method was also successfully applied for the quantification of these four bioactive compounds (3, 4, 6 and 10) in T. cordifolia hosted by fifteen different plants. This is the first report on T. cordifolia for the host plants directed at the determination of bioactive constituents. Twelve compounds were identified on the basis of their UV and MS/MS fragmentation patterns.
Isolation and characterization of compounds:
The four compounds were isolated from the stem of T. cordifolia and characterized as syringin (3), cordifolioside A (4), magnoflorine (6) and tinocordiside (10) (Figure 1 ) on the basis of NMR and mass spectrometric analysis and confirmed by comparison with earlier reports [10, 18] . The purity of the isolated compounds was determined by UPLC and was found to be in the range, 98.4-99.6%.
Optimization of UPLC conditions:
For the quantification of the four compounds in T. cordifolia, belonging to different classes, it was very important to develop a method in which all compounds are well separated. Various experiments were carried out for gradient elution using mobile phase of 0.05% formic acid in water (A) and acetonitrile (B) to optimize the best chromatographic conditions. The investigated analytes, 3, 4, 6 and 10, were well separated within 5 min at the retention times (rt, min) of 1.64, 1.75, 2.06 and 2.70, respectively. Compounds were identified by comparing the retention times with those of the reference compounds eluted under the same conditions and by spiking the sample with standard solutions of compounds.
Validation of developed method:
Several parameters such as linearity, precision, LOD, LOQ, and recovery were optimized in order to validate the developed method and results are summarized in Table 1 . Linearity was determined with five-point calibration curves for all compounds over the specified concentration range. Good linearity calibrations were achieved for all compounds with the tested concentrations. The correlation coefficients (r 2 ) for compounds 3, 4, 6 and 10 were 0.998, 0.999, 0.999 and 0.999, respectively, which indicated the high degree of correlation and good linearity of the method. The LODs were found to be 1.95, 0.97, 3.9 and 0.97 ng/mL for compounds 3, 4, 6 and 10, respectively. Similarly, the LOQs were found to be 6.64, 3.20, 12.87 and 3.20 ng/mL for compounds 3, 4, 6 and 10, respectively. The intra-day and inter-day precision (expressed as % RSD) were observed in the range of 0.21-0.91 and 0.23-0.86, respectively. The accuracy of the method was expressed as the recovery of compounds added to the pre-analyzed sample. The average recoveries of the compounds were between 103.9-110.3% ( Table  1 ). The validation results show that the overall procedure is precise, accurate, and therefore, is suitable for the quantitative analysis of these four compounds in T. cordifolia. (Figure 2 ).
Optimization of solvents for extraction:

Optimization of extraction techniques:
After the solvent optimization, different extraction techniques including ultrasonic extraction (UE), percolation (PE), microwave assisted extraction (MAE), soxhlet (SOXH) and accelerated solvent extraction (ASE) were applied. Compounds 3 and 6 were extracted in highest amounts (155.8 and 6950.2 µg/g, respectively) with MAE. However, compounds 4 and 10 were observed in highest amount (485.9 and 742.1 µg/g, respectively) with PE. The PE technique is considered as more suitable compared with MAE for industrial applications because it is easy to handle and less expensive. Compounds 3 and 6 were also extracted in good amount with PE. Hence, PE was considered as the appropriate method for the extraction of 3, 4, 6 and 10 from the plant matrix ( Figure 3 ).
Quantification of compounds in T. cordifolia: After validation of
the developed method and optimization of extraction conditions, the quantification of these compounds was carried out in the stem of T. cordifolia hosted by fifteen different trees ( Table 2 ). The studies revealed that the concentrations of syringin (3), cordifolioside A (4), magnoflorine (6) and tinocordiside (10) varied from 25.8-322.9 µg/g, 110.7-1020.6 µg/g, 343.9-6027.7 µg/g and 71.8-742.1 µg/g, respectively. The highest amount of syringin (322.9µg/g) was obtained in the stem of T. cordifolia hosted on Albizia chinensis. Cordifolioside A (1020.6 µg/g) and magnoflorine (6027.7 µg/g) were present in highest amount in the T. cordifolia hosted on A. indica. Furthermore, it was found that the stem of T. cordifolia hosted on Mangifera indica can be good source of tinocordiside (742.1 µg/g). It was also found that the content of syringin (3), cordifolioside A (4) and tinocordiside (6) was lowest in the T. cordifolia hosted on Mallotus philippensis. The overall concentrations of 3, 4, 6 and 10 were higher in the T. cordifolia hosted by A. indica and M. indica as compared with the other plants ( Table 2 ). Hence, the stem of T. cordifolia hosted by these trees might be more effective for medicinal purposes.
Characterization of compounds in T. cordifolia by ESI-MS:
In addition to chromatography, mass spectrometry can also provide information on the target compounds by elucidating their fragmentation pathways which greatly contribute to the identification of the components from the complex mixture. Apart from the four isolated and quantified molecules (3, 4, 6 and 10), ten compounds were characterized as reticuline (1, 
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Syringin (3) Cordifolioside A (4) Magnoflorine (6) Tinosordiside ( the isomer of palmatine, having a similar m/z at 352. One compound (18) remained unidentified, but its mass and possible fragments have been provided in Table 4 . (3, 4, 6, 10, 11 and  14) by ESI-MS-MS n : All the compounds (3, 4, 6, 10, 11 and 14 (10), which led to the generation of fragments at m/z 217 and 235. Six protoberberine-type alkaloids (7-9, 11, 12 and 14) were identified on the basis of their mass fragmentation pattern [20, 21b] . Table 4) . The values were assigned on the basis of DEPT and 2D NMR correlations. The appearance of  H (0.81-0.98, m) and  C (13.4, 13.4, 15.7) indicated the presence of fatty acid methyl esters (FAME), which were also confirmed by the  C (172.6, 173.8) values of ester carbonyl groups. The alkyl chain double bond carbons of FAME were observed at C 128.9 and 129.9. The characteristic values of methyl groups ( H 0.71, s and C 11.3, 11.4) and ring double bonds ( C 122. 2, 141.4) indicated the presence of sterols (-sitosterol and stigmasterol) in the extract. The high alkaloids content, as observed in UPLC-MS fingerprinting, was also supported by the NMR study. The appearance of methylenes ( C 22.9-24.9; 37.2-37.3 and 56.2) and -CH carbons ( C 51. 1-59.2) are the characteristic values of the tetrahydroisoquinoline skeleton, which revealed the presence of isoquinoline alkaloids in the extract. The N-CH 3 values ( C 45.9, 46.9, 47.1, 50.2) were also observed in the spectra. This was also supported by the existence of aromatic oxygenated quaternary carbons ( C 142, 144, 151, 154, 157) and non-oxygenated aromatic signals ( H 5. 5-8.4 and  C 110.8, 111, 115.1, 115.2, 120.6, 121.3, 122.2, 123.0, 124.3, 127.1, 127.6, 127.8, 127.9, 128.0, 129.6, 129.7, 129.8, 129.9, 131.5, 136.0, 138.4 (3) and cordifolioside A (4) in the T. cordifolia extract. Another marker component, tinocordiside (10), was identified with its characteristic signals. The signals of carbonyl ( C 205.1) and alkyl chain quaternary ( C 85.4) carbons were observed, in addition to the sugar moieties.
Mass fragmentation pattern of compounds
In conclusion, a simple, rapid, and reliable UPLC-DAD-ESI-QTOF-MS/MS method was developed and validated for the simultaneous determination of four bioactive compounds (syringin, 3; cordifolioside A, 4; magnoflorine, 6 and tinocordiside, 10) in the stem of T. cordifolia with excellent linearity, sensitivity, precision and recovery. The developed method can be used for the quality control of herbal formulations containing T. cordifolia as one of their active ingredients. In addition, the developed method was applied for the quantification of these four compounds in the stem of T. cordifolia hosted by fifteen different plants.
Twelve compounds (reticuline, 1; hydrastinine, 2; menisperine, 5; 13-hydroxycolumbamine, 7; dehydrodiscretamine, 8; columbamine, 9; jatrorrhizine, 11; dehydrocorydalmine, 12; N-formylannonaine, 13; palmatine, 14; 20-hydroxyecdysone, 16 and columbinyl glucoside, 17) were characterized on the basis of their mass and UV-vis spectral data. (14) , Jatrorrhizine (11), Menispermine (5), Dehydrocorydalmine (12), Columbamine (9), 13-Hydroxycolumbamine (7), Dehydrodiscretamine (8), Magnoflorine (6), N-formylannonaine (13)] aromatic protons (5.5-8.4 ) -OCH 3 (3.51, 3.54, 3.55, 3.56, 3.81) -CH 2 (22.9, 24.0, 24.6, 24.7, 24.9, 37.2, 37.3, 56 .2); -CH, N-CH 3 (45.9, 46.9, 47.1, 50.2, 51.1, 59.2) ; -C, aromatic oxygenated quaternary (136, 138, 142, 144, 151, 154, 157) ; -CH (aromatic) (110.8, 111, 115.1, 115.2, 120.6, 121.3, 122.2, 123.0, 124.3, 127.1, 127.6, 127.8, 127.9, 128.0, 129.6, 129.7, 129.8, 129.9, 131.5, 138.4 
Extraction and isolation of compounds:
The air dried powered stem of T. cordifolia (3.0 kg) was extracted thrice with E: W (80:20) at room temperature by percolation. The combined percolations were concentrated under reduced pressure to obtain a dried brown extract (215.0 g). This was dissolved in water and chromatographed over Diaion HP-20 and eluted with water followed by mixtures of E: W in the ratio 1:9, 2:8, 3:7, 4:6, 5:5, 7.5:2.5 and 10:0. 
Sample preparation:
The air dried powdered (2.0 g) plant material was extracted using various extraction techniques with different combinations of ethanol, methanol and water, as described in the results and discussion section. Each extraction was carried out thrice with the optimized solvent system and extraction technique. The combined extracts were filtered and concentrated to dryness under vacuum at 50 ± 5°C. The dried extracts were re-dissolved in mobile phase to prepare a 5 mg/mL concentration of all samples, filtered through a 0.45 µm Millipore membrane and an aliquot (1 µL) was subjected to UPLC-MS analysis. 
Optimization of extraction solvents:
UPLC instruments and chromatographic conditions:
All analyses were performed on a Waters Acquity UPLC system (Waters, MA, USA), including binary solvent manager, sample manager, column compartment and photo diode array (PDA) detector, connected with Waters Mass Lynx software. An Acquity UPLC BEH C 18 column (100 mm × 2.1 mm i.d., 1.7 μm) was used. The column temperature was maintained at 30°C. The 4 standards in the mixture and sample were separated using a gradient mobile phase consisting of 0.05% formic acid in water (A) and acetonitrile (B). The gradient elution was: 0-0.2 min, 87% A; 0.2-1.4 min, 70% A; 1.4-3.5 min, 70% A; 3.5-4.0 min, 87% A, and finally reconditioning the column with 87% A for 1 min. The flow rate was set at 0.3 mL min -1 and the injection volume was 1 μL. The detection wavelength was set at 267 nm.
Calibration curves: Stock solutions were prepared by taking 1 mg/mL concentrations of the 4 compounds in analysis solvent. A combined stock solution was prepared by mixing 500 µL of each stock solution of the individual standards. The combined stock solution was further diluted to prepare 6 different dilutions of 0.0078-0.25 µg/mL concentrations and 1 µL of each dilution was injected in triplicate for the construction of calibration curves by plotting the peak area versus the concentration of each analyte.
Limits of detection and quantification:
As per ICH guidelines, the LOD and LOQ under the present chromatographic conditions were determined by injecting the diluted standard solutions till the signal to noise ratio (S/N) was about 3 for LOD and 10 for LOQ.
Precision and accuracy:
To assess the repeatability and reproducibility of the developed method intra-and inter-day precision for the 4 compounds were determined by 6 replicate injections of the sample solution on the same day and for 3 consecutive days for the measurements of concentrations. The precision of the extraction method was validated by repeating the extraction procedure in duplicate on 3 different days with freshly prepared mobile phase and samples of T. cordifolia. A recovery test was performed to evaluate the accuracy of the method. For the percent recovery, 3 different concentrations of detected reference compounds were spiked to the 3 sets of T. cordifolia samples. The spiked samples were extracted with the optimized solvent system, i.e. E: W (80:20) and analyzed by the proposed method.
